Since the discovery of the photoelectric effect, photoelectron spectroscopy has evolved into a workhorse for studying the valence electronic structure, the stoichiometry and the chemical state of matter. The next scientific frontier is now to investigate in real time ultrafast dynamics in complex matter (e.g. dilute species, surfaces and interfaces) on an atomic scale with the same degree of detail. Therefore, we need to combine femtosecond optical and X-ray pulses in pump-probe experiments, where the evolution of a system is determined as a function of the delay between optical pump and X-ray probe pulse. Thus, we need to resort to Free-Electron Lasers (FELs) capable of producing brilliant X-ray pulses up to keV photon energies with less than 30 fs pulse duration. We have performed photoelectron spectroscopy on a W(100) single crystal in the Hamburg Inelastic X-ray Scattering System at the plane grating monochromator beamline PG2 of FLASH [1] . Photoelectrons are detected with a hemispherical analyzer set at the magic angle with respect to the electric field vector of the incident radiation. The samples were excited with the monochromatized FEL beam in third harmonics at 118.5 eV in 50 microbunch mode and photolectron spectra of the W 4f levels were measured as a function of the incoming intensity. In addition, we performed experiments where the sample was simultaneously excited with an optical pulse. For optical excitation we used pulses (800 nm) with a variable time delay with respect to the FEL pulses and a duration of 120 -150 fs (FWHM) delivered from the optical parametric amplifier system of the FLASH facility with 1 MHz repetition rate, synchronized to the FEL. Intensity (arb. units) 92
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As seen in Figure 1(b) and (c), space charge induced peak shifting and peak broadening both occur with an increasing electron density. As peak broadening sets in at lower electron numbers than significant peak position shifts, we focus on the peak broadening as the limiting factor for fs-ESCA with FEL pulses. In Figure 1 (c) we present the results from numerical modelling of electron propagation with the ASTRA code [2] and from an analytical model of space charge effects [3] . Using these results, we can determine the working range for electron spectroscopy on a solid surface with pulses from FLASH. In Figure 2 , our results on side band generation at the W 4f edge are shown, using 1.55 eV optical radiation. Here, the nominal delay between the optical and the X-ray pulse has been varied. As the sidebands appear at ±1.55 eV with respect to the photoemission peaks, we present in Fig 2 c) the ratio between the unmodified photopeak (A) and the side band intensity (B) (see Fig 2 b) ). At temporal overlap (t = 0), determined separately by X-ray induced transient optical reflectometry [4] , the appearance of sidebands to the W 4f photoemission leads to a dip in the ratio A/B with a gaussian width of Δt = 440 ± 90 fs. They give evidence of the cross-correlation between the fs x-ray and optical pulses needed for future studies of femtosecond time-resolved core-level photoelectron spectroscopy on solids and surfaces. We gratefully acknowledge support by K. Flöttmann and the scientific and technical staff of the FLASH facility, in particular A. Azima, S. Düsterer, H. Redlin and R. Treusch. This work was supported by the German Ministry of Education and Research (BMBF) through Grants No. 05 KS4GU1/8 and No. 05 KS4GU1/9 and the Helmholtz Joint Research Centre "Physics with coherent radiation sources".
